In this study, the morphological and optical properties of hierarchical tubular vanadyl 2,9,16,23-tetraphenoxy-29H,31H-phthalocyanine (VOPcPhO) flower-like nanostructures were reported. VOPcPhO nanoflowers have been synthesised from the solution concentration of 5 mg/ml via the template-assisted method. Dissolution of template has led to the growth of micrometer-sized flowers that have nanoscale features that are tubular shaped with protruding tips. The tubulars are self-assembled during the formation of flower-like nanostructures. UV-vis spectrum of VOPcPhO nanoflower shows a wider absorption at Q-band as compared to thin film. The changes in Raman shift were also observed which indicate the improvement of nanostructures exhibited by VOPcPhO nanoflowers.
Introduction
The studies on the morphological and optical properties of organometallic nanostructured compounds such as metal phthalocyanines (MPcs) are vital for the elaboration of electronic devices. Vanadyl 2,9,16,23-tetraphenoxy-29H,31H-phthalocyanine (VOPcPhO) is a dye pigment that consists of a central metallic (vanadium) atom bound to a π-conjugated ligand. It is one of the prominent MPcs which is well-known for its noteworthy properties such as high thermal stabilities [1] , semiconductivity [2, 3] and photoconductivity [4] . Nanostructured MPcs TNFePc nanoflowers, CuPc nanoflowers and nanoribbons, NiPc nanoribbons, CoPc nanowires and ZnPc nanoribbons have been widely reported for their application in various fields [5] [6] [7] . Novel nanostructured nanoflower has stimulated a great deal of interest which is potentially used in a field emitter, capacitor, gas sensor and battery [5, [8] [9] [10] [11] . The synthesis of nanoflower can be done via vapour-phase deposition, solvothermal, photochemical and hydrothermal methods, with or without the assistance of template [5] [6] [7] [8] 10, 12] . Currently, a big challenge is to develop a simple and useful growth synthesis for the facile preparation of nanoflowers.
In this paper, we report the superficial solution synthesis of unique VOPcPhO nanoflowers assembled from the tube-like nanostructure with protruding tips. The synthesis is fully assisted by a porous alumina template. Based on the studies, the morphological and optical properties of VOPcPhO nanoflower are discussed in details.
Experimental
The commercially available VOPcPhO from Sigma-Aldrich was used without further purification. 5 mg/ml solution of VOPcPhO in chloroform was prepared. The porous alumina templates used in this study were commercially available filter membrane (Whatman Anodisc) with nominal pore diameters of 20 nm and a thickness of 60 mm. The templates were cleaned prior to use by sonicating in water and acetone for 10 min. Drop casting and spin coating technique were performed in order to obtain the nanostructures. 5 mg/ml of VOPcPhO was dropped onto the cleaned porous alumina template prior to the spin coating process at 1000 rpm. Then, the spin-coated VOPcPhO nanostructures within the alumina template were annealed at 150 1C. After annealing process, the alumina template was dissolved in 3 M NaOH and the remaining VOPcPhO nanostructures were rinsed in deionized water prior to its characterisation. The VOPcPhO nanoflowers were characterised by Field Emission Scanning Electron Microscopy (FESEM-EDX) (Quanta FEG 450), Transmission Electron Microscopy (TEM) (Tecnai G2 FEI), UV-vis spectroscopy (Shimadzu UV-3101PC), Raman spectroscopy (RENISHAW) and X-ray Diffraction spectroscopy. 
Results and discussion
FESEM image of cleaned porous alumina template without any deposition of solution is shown in Fig. 1(a) . The nominal template pore diameter is 20 nm and exhibits a hexagonal honeycomb network. The densely well-distributed hierarchical tubular VOPcPhO flower-like nanostructure is observed after the dissolution of template ( Fig. 1(b) ). VOPcPhO nanoflowers consist of a rosette which is long, spear-shaped and propagated. The rosette form is the structure, the relationship of the parts, and the variations within it. Interestingly, the VOPcPhO nanoflowers have not replicated the structure of porous template especially its diameter. With respect to the hexagonal porous structure of template, the expected formations such as nanotubes or nanorods were likely to be formed. However, the tubular-shaped VOPcPhO is successfully obtained from the efficient infiltration process. As shown in Fig. 1(b) upper inset, the morphology of VOPcPhO nanoflowers is analogue to the plant named Agave. Agave is also known as a dandelion which is defined as a cluster of leaves in crowded circles or spirals arising basally from a crown. EDX spectrum of VOPcPhO nanoflower is shown in Fig. 1(b) lower inset. Carbon (C), oxygen (O), sodium (Na), aluminium (Al) and copper (Cu) have been traced from the nanoflowers. C and O are obtained from VOPcPhO, Na is from NaOH and both Al and Cu are from sample holder and tape, respectively. Fig. 1(c) shows that the tubularshaped VOPcPhO begins to grow from its base and further pair up together to form gigantic flower-like hierarchical structures. The tubular-shaped VOPcPhO came together and formed the closelypacked nanoflowers with an average diameter of $500 nm. It demonstrates that the template has provided a nucleation site for the assembling of tubular-shaped VOPcPhO. This therefore plays a crucial role in producing the unique flower-like nanostructures. VOPcPhO nanoflowers comprise of a radial arrangement of vertically spread tubular-shaped nanostructure which binds at the base (node). In addition, the array of VOPcPhO portrays a circular arrangement of tubular-shaped nanostructure with protruding tips that radiate out from a centre close to the node. Finally, the VOPcPhO nanoflowers with numerous tubular-like structures form via the oriented attachment process. Generally, each tubular is in a sharp point of smooth margin and spring from the node. VOPcPhO that has been dropcasted onto a template has undergone the wetting process between liquid (solution) and solid (template) surface. Spin coating at 1000 rpm and annealing temperature at 150 1C has enhanced the wetting process by improving the infiltration. A TEM image of an individual tubular VOPcPhO is shown in Fig. 1(d) . The tips of the spikes is protruded into an irregular morphology. The bottom part of tubular's wall shows a more regular morphology although being asymmetrical. The protruding tips have formed a flower-like morphology which has not previously been reported with the manipulation of the porous alumina template. Magnified view of the red box in Fig. 1(d) is illustrated in Fig. 1(e) . TEM images of VOPcPhO nanoflower has shown spectacular tubular-shaped nanostructures with regular wall. Interestingly, the diameter of tubular ($ 500 nm) is 25 times bigger than the template nominal pore diameter of 20 nm. This phenomenon could be expected from the expansion during the template removal process. Fig. 1(f) presents the high-resolution TEM image of an individual tubular that has been magnified from the red box in Fig. 1(e) .
It suggests that there is an arrangement of VOPcPhO molecules within the flower-like nanostructures. VOPcPhO molecule organises itself in hexagonal honeycomb network which represents the molecular aggregation. The inset in Fig. 1(f) shows the fast Fourier transform (FFT) of TEM image which confirms the amorphous structure of VOPcPhO. Visible domains revealed that VOPcPhO nanoflower consists of regular spherical nanoparticles with diameters ranging from 1 to 5 nm. The postulation on the formation of tubular-shaped VOPcPhO has been supported by the TEM images that are obtained in the present studies. The XRD spectrum in Fig. 1(g) shows that the VOPcPhO nanoflower is amorphous and not crystalline. The weak peaks are located at 14.91 and 22.71 which support the amorphous structure of VOPcPhO that has been previously conveyed by FFT of TEM image.
A schematic illustration of the proposed formation of VOPcPhO nanoflowers is presented in Fig. 2 . The VOPcPhO has infiltrated into a template after the annealing process is applied at 150 1C (a). The protruding tips are observed to grow within the template's pores. Before the dissolution of template, VOPcPhO is attached to the copper tape which portrays the upside down formation (b). After the dissolution, VOPcPhO nanoflowers are formed by the self-assembly of numerous tubular-shaped nanostructures (c). Fig. 3(a) shows the UV-vis absorption spectra of VOPcPhO nanoflower and VOPcPhO thin film. It is seen that both VOPcPhO nanoflower and thin film portray two predominant bands. These bands are assigned as Soret-band and Q-band which exist in the UV region between 300 and 410 nm and in the visible region between 630 and 750 nm, respectively [1] . The Soret-band exhibits a peak with a shoulder appearing at 385 nm. In the UV region, VOPcPhO nanoflower and VOPcPhO thin film exhibit similar peak absorption for Soret-band at 345 nm. A difference between VOPcPhO nanoflower and thin film spectrum has been observed at the first peak of Q-band of VOPcPhO nanoflower in which a perceptible shift to the shorter wavelength occurred by 25 nm. However, a wider Q-band absorption of VOPcPhO nanoflower is observed as compared to thin film. The wider Q-band could be due to the welldistributed hierarchical tubular-shape of VOPcPhO nanoflower which indicates the novel morphology of nanostructured materials. In addition, the absorption pattern of the Davydov splitting that occurred at Q-band has been much influenced by the relative orientation of molecules [1] . At the Q-band of VOPcPhO nanoflower and thin film, the stronger peaks occurred at 655 nm and 715 nm, respectively. This indicates that the first π-π n transition on the phthalocyanine macrocycle is more dominant for the VOPcPhO nanoflower rather than VOPcPhO thin film. Although the presence of second π-π n transition is observed by VOPcPhO nanoflower, the improvement of second π-π n transition is exhibited by VOPcPhO thin film. Raman spectra of VOPcPhO nanoflower and thin film are shown in Fig. 3(b benzene ring breathing, respectively [13] . There are some minor shift in band wavenumbers and relative intensities between VOPcPhO nanoflowers and thin film. The changes of band wavenumbers between VOPcPhO nanoflowers and thin film are tabulated in Table 1 . The Raman shift of C-H bending of nanoflowers is located at 1025 cm À 1 , showing an apparent upward shift of about 3 cm À 1 . This could be due to the better molecular arrangement of nanostructured materials exhibit by VOPcPhO nanoflowers [14] .
Conclusions
In this work, VOPcPhO nanoflowers have been synthesised by a simple solution process method via porous alumina template.
The morphological and optical properties of VOPcPhO can be improved via the formation of nanoflowers.
